Abstract Metagenomic characterization of water virome was performed in four Mississippi catfish ponds. Although differing considerably from African swine fever virus (ASFV), 48 of 446,100 sequences from 12 samples were similar enough to indicate that they represent new members in the family Asfarviridae. At present, ASFV is the only member of Asfarviridae, and this study presents the first indication of a similar virus in North America. At this point, there is no indication that the identified virus(es) pose a threat to human or animal health, and further study is needed to characterize their potential risks to both public health and agricultural development.
animal health in catfish ponds in the Mississippi Delta region.
We obtained 12 samples from four ponds from two sites approximately 30 miles apart at Stoneville, MS. Two ponds were from an active fish farm with mowed banks and heavy traffic nearby, whereas the other two were from an inactive/ abandoned farm. A total of 80 L water samples were collected from each pond in January, February, and April of 2010, respectively (Table 1) . Samples were concentrated by tangential flow ultrafiltration followed by secondary concentration with Centricon Plus-70 centrifugal filtration units (Millipore; 30,000 Daltons-cutoff) as previously described [11, 12] . Total nucleic acids were extracted from each sample and then subjected to 454 pyrosequencing. A total of over 446,000 sequence reads were obtained, each measuring 15,585-87,962 reads ( Table 1 ). The lengths of these sequences varied from 70 to 332 nucleotides. Of these reads, 52 % were bacteria, 6.9 % were viruses, and 27.9 % did not match any known sequences. Among the sequences identified as viruses, 86.97 % belong to Caudovirales, 4.11 % to Phycodnaviridae, 2.38 % to unclassified double stranded DNA phages, and 1.4 % to unclassified dsDNA viruses.
Further analyses showed 48 of the sequences are similar to African swine fever virus (ASFV) of the family Asfarviridae. These 48 sequences showed homology to 23 genes of ASFV, including capsid, helicase, and DNA polymerase (Table 2 ). Sequence and phylogenetic analyses demonstrate these sequences are most closely related to the viral sequences from Asfarviridae family but are highly divergent from those reported ASFV sequences or other ASFVlike sequences. We propose these novel sequences could be derived from new member(s) in the Asfarviridae family, and this represents the first potential Asfarviridae identified in North America.
The amino acid sequences translated from these 48 matches are highly divergent from the known ASFV sequences. The BLASTX e-values varied from 0.11 to 3.00E-025, and BLASTX searches protein databases using a translated nucleotide query ( Table 2 ). The translated protein sequences shared high identities, varying from 28.1 to 64.9 %, with 23 genes in ASFV. Seven reads align with five regions of capsid protein B646L without overlaps between these samples ( Table 2 ). Through analysis using the Pfam database, these capsid-like genes were shown to have Capsid_NCLDV (Large eukaryotic DNA virus major capsid protein) domain with E-value 0.00012 [13] . The sequence alignment showed this domain was expressed across capsid genes from different families (Fig. 1a) . Similarly, nine sequences were similar to two individual helicase genes: three reads to B962L and six to D1133L ( Table 2 ; Fig. 1b) . Using the Pfam database, the SNF2 family N-terminal domain was identified in these sequences with E-value 2.7E-7. There was a single read similar to alpha-like DNA polymerase (G1211R), with BLASTX E-value 3.00E-018 and 39.3 % protein sequence identity. Phylogenetic analysis using Maximum Parsimony method implemented in PAUP*4.0 demonstrated that the newly identified sequences coding capsid and helicase genes are genetically most closely related to the ASFV isolates in the Asfarviridae family (Fig. 2) .
The GC content for ASFV is about 38.42 %, and the GC contents of capsid gene and helicase gene in ASFV are 42.33 and 46.47 %, respectively. There are large variations in the GC contents of the ASFV-like sequences we identified. For example, the seven identified capsid-like genes have GC contents varying from 31.99 to 50.96 %, with an average of 43.00 %; the nine identified helicase-like genes have GC contents varying from 27.72 to 56.65 %, with an average of 40.40 %.
Two pairs of primers (capsid: SFC2-F: AGGTTCA TCACTATTGACCTC and SFC2-R: GGTCGTTATTG ACTGTGACTC and helicase: SFH1-F: CTTTCAGTTC TATGGCTATCGTC and SFH1-R: TCATTATTGCTAG ACCACTCAG) were designed for the capsid and helicaselike sequences, and their presence was confirmed by PCR. PCRs were performed in the first four samples (samples 1 through 4) (not done for the other samples due to lack of enough DNA), which identified both capsid-like and helicase-like genes in sample 1 and shared positive 454 reads. PCR identified helicase-like sequence and capsid-like sequences in sample 4, which were not found to be positive for this virus detected in metagenomic analyses. Thus, our results suggest that ASFV-like segments were present in both active and inactive catfish ponds. The PCR products were then sequenced, and the resulting sequences were identical to those identified from 454 sequencing. The failure to identify these genes in other samples in 454 pyrosequencing suggests that additional deeper sequencing will help recover more reads. African swine fever virus is the only known virus in the family of Asfarviridae. ASFV is the causative agent of hemorrhagic viremia in domestic swine. This pathogen is endemic to Africa and naturally occurs in wild swine species without causing disease. The natural life cycle involves transmission by soft ticks. It is the only known DNA virus that is transmitted by arthropods. Outside of Africa, outbreaks of ASFV have been documented in Europe and Central/South America. These outbreaks were linked to the movement of domestic pigs. After the outbreaks in America, ASFV was eliminated by depopulation. Our metagenomic results suggest that there is more than one member in the family Asfarviridae and that at least one member of Asfarviridae is present in North America. To better characterize this new virus, PCRs were performed, which confirmed the positive amplification of ASFV-like capsid and helicase gene sequences. However, PCR amplification targeting the regions between these two genes, which neighbor each other in ASFV (spanning 2.2 kb), was not successful (data not shown). Thus, the gene order in this potential new virus is not necessarily the same as that in ASFV.
Interestingly, a recent study has also identified ASFV-like sequences from human serum and sewage [6] . These reported sequences shared sequence identities from 27 to 64 % with ASFV. Comparison of the 48 sequences from our study with those recovered by Loh et al. [6] indicate that the homologous regions of these sequences are located in different regions of the ASFV genome, and further study is required to understand the natural host potential and pathogenicity of this virus. Another study reported ASFV-like sequencers were identified in human sera from patients with dengue-like symptoms but testing negative for dengue virus [16] . In addition, metagenomic data demonstrated that ASFV-like sequences were present in marine environments [9, 10] . These studies support our findings in this study that it is more likely that new members are present in the family Asfarviridae. Mississippi has diverse vertebrate wildlife including a large population of feral pigs [2] , but since emerging ASFV is a tick-borne virus, an invertebrate host is also likely. At this point, there is no indication that the identified virus poses a threat to human or animal health. Fig. 2 Phylogenic analysis of the capsid-like (a) and helicase-like (b) sequences. The numbers in the parentheses denote the GenBank accession numbers. The sequences (s12h5 and s12h10) were marked in red (Table 1) 
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